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Name of Offeror or Contractor: HAECO PARTNERS, LTD.

SECTI ON A - SUPPLEMENTAL | NFORVATI ON

CONTRACT FOR Conbi nati on Gas Turbine/ Di esel Engi ne Technol ogy Devel opnent

Pur pose of This Mdification: To Add Work Effort to the Contract for Extended Devel opment and Test with Equitabl e Adjustment
in Accordance with the Changes Cl ause and to Provide Cost Overrun Funding |AWthe Limtation
of Funding Cl ause and to Extend the Period of Performance of the Contract under the Contract.

Prior Contract Val ue: $5, 309, 875. 00
Anpunt This Action: $1, 051, 000. 00
Total Contract Val ue: $6, 360, 875. 00
Prior Amount Obligated: $5, 309, 875. 00
Amount Obligated this Action: $1, 051, 000. 00
Total Anpunt Obligated: $6, 360, 875. 00

A This Modification P00004, a Suppl emental Agreenent, incorporates the following into the contract:

1. The CGovernnment and Contractor agree to equitably adjust the contract for the Scope of Wrk change, (shown in paragraph A 2,
below), in the amounts as foll ows:

Esti mated Cost: $595, 602. 00
Fi xed Fee: $ 47,648.00
Total Amount: $637, 250. 00

2. The contract Scope of Wirk change is as follows and added to Section C

"C. 7.5 | mprovenent of the Fluid Coupler: The contractor shall inprove on the design of the fluid coupler and nake it capable of
transmtting turbine power to the piston engine crankshaft at stall, (starting torque). The turbine power shall be able to start the
pi ston engine through the fluid coupler. The fluid coupler shall include a device that allows fluctuation of torque-speed between the

turbine shaft and the piston engine shaft. The contractor shall apply this fluid coupler effort to both prototype engines."

3. The additional anount of $407,750.00 is provided to the contract, as cost overrun funding, to continue devel opnent and test of
the two (2) prototype engines as originally contracted.

4. The equitable adjustment ampunts for the change to the contract and the cost overrun funding anbunt are conbi ned and added to
the contract value anmpunts in Section B, CLIN 0001, as follows:

PRI OR AMOUNTS + EQUI TABLE ADJUSTMENT FI NAL AMOUNTS

Est. Cost: $4,962,500 + $1, 003, 352 =  $5, 965, 852
Fi xed Fee: $ 347,375 + $ 47,648 = $ 395,023
Total Cost: $5,309,875  + $1, 051, 000 =  $6, 360, 875

5. The following is added to CLIN 0001 Section B of the contract: "The Funding Provided under CLIN 0002 Along with the Funding
under CLIN 0001 are for the Payment for Work Effort under CLIN 0001."

6. The Period of Performance conpletion date of the contract is extended by fifteen (15) nonths from 31 Mar 2003 to 30 Jun 2004,
for the additional contract effort.

7. The Contractor agrees to provide new data deliverables to the Governnment in accordance with Exhibit A Data Itens A004 for the
Progress Reports and A005 for the Final Technical Report and Section F, for the Extended Devel opnent and Test of the two (2) prototype
engines. Section F is revised to add Paragraphs F.3 and F.3.1 and F. 3.2, data deliver instructions, for Data |tems A00O4 and A005. See
Section F, attached, for these new paragraph additions. The new Exhibit A Data |tenms A004 and A005, are attached to this Modification.

B. The Governnent and Contractor agree to nake the follow ng additional changes in the contract resulting fromthe change to the Scope
of Work and extension to the period of performance by fifteen (15) nonths:

1. In Section C, Scope of Wrk, the follow ng changes are made:
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a. In paragraph C 6.10, extend the date for delivery of the prototype engines to the Governnent from"24" to "45" nonths.

b. In paragraph C. 7.1, in the first sentence, "renpve the period (.)" and add the phrase, "for the Basic effort.” Then add
the new sentence: "The contractor shall deliver the "Draft and Final Technical Report", IAWExhibit A Data item No. A005, for the

Ext ended Devel oprmt and Test effort."

c. In paragraph C. 7.2, in the first sentence, "renopve the period (.)" and add the phrase, "for the Basic effort.” Then add
the new sentence: "The contractor shall deliver the "Contractor Progress, Status and Managenent Report" | AW Exhibit A Data Item No.
A004, for the Extended Devel opment and Test effort."

2. In Section F, Paragraph F.2, Duration of Performance (as shown in the attached copy of Section F.):
a. Change Paragraph F.2.1 to read: "The contractor shall conplete all work required under this contract by 30 Jun 2004."
b. Change Paragraph F.2. to correct a typographical error. The date shown is changed from"28 Feb 2002" to "28 Feb 2003."
c. Change F.2.4 by changing the conpletion date for the entire contractual effort from"31 Mar 2003" to "30 Jun 2004."

3. CLIN 0002 is added to the Section B, Continuation Sheet, to provide funding for the CLIN 0001 of the contract.

4. CLIN 0003 and ELI N A005 are added to Section B, Continuation Sheet, to account for the Data and Final Tecnnical Report,

respectively, to be deliver the Governnent by the contractor.

E. In consideration of this Mdification PO0004 agreed to as conplete equitable adjustment, the Contractor rel eases the Government from
any and all liability under this contract for any future equitable adjustnments, attributable to such facts or circunstances giving rise
to this Mdification P00004. As a result of this Mdification P00004 the total contract value and the total obligated amount of the
contract are increased by $1, 051, 000 from $5, 309, 875 to $6, 360, 875. Except as provided herein, all ternms and conditions of Contract
DAAEQ7- 00- C-LO51 renmi n unchanged and in full force and effect.

*** END OF NARRATIVE A 004 ***
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ITEM NO SUPPLIES/SERVICES QUANTITY |UNIT| UNIT PRICE AMOUNT
SECTI ON B - SUPPLI ES OR SERVI CES AND PRI CES/ COSTS
0001 SERVICES LINE | TEM $ 5,309, 875. 00
NOUN: HAECO, INC. "G ESEL" ENG NES
SECURI TY CLASS: Uncl assified
CLI N CONTRACT TYPE:
Cost - Pl us- Fi xed- Fee
PRON: E102C192EH PRON AMD: 02 ACRN:  AA
AMS CD: 63300550211DD
The contractor shall furnish all of the supplies * EST. COST: $5, 965, 852
and services to acconplish the task specified *| FI XED FEE: $ 395,023
in section C "Scope of Work". * TOTAL AMOUNT: $6, 360, 375
*x The Fundi ng Provided Under CLIN 0002 Al ong
** Wth the Funding Under CLIN 0001 are for the
** Payment for Effort Under CLIN 0001.
* Changed by Mbd P00004
** Added by Mbd P00004
(End of narrative C001)
| nspection and Acceptance
I NSPECTI ON:  Desti nation ACCEPTANCE: Desti nation
Deliveries or Performance
DLVR SCH PERF COWPL
REL CD QUANTI TY DATE
001 0 30- JUN- 2004
$ 5, 309, 875. 00
0002 EXT_ENG DEV_AND TEST FUNDI NG FOR CLI N 0001 $ 1, 051, 000. 00

SECURI TY CLASS: Uncl assified

PRON: E132C315EH PRON AMD: 01 ACRN: AB
AMS CD: 63300550211

TH'S CLIN 0002 |'S ESTABLI SHED, ONLY,
TO PROVI DE FUNDI NG FOR CLI'N 0001

The Fundi ng Provi ded under CLIN 0002,
along with the Funding under CLIN 0001 are
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ITEM NO SUPPLIES/SERVICES QUANTITY |UNIT UNIT PRICE AMOUNT
to be Applied for Paynent, for the Effort
Descri bed under CLIN 0001.
(End of narrative B001)
I nspection and_Accept ance
| NSPECTI ON:  Dest i nati on ACCEPTANCE: Desti nation
Deliveries or Performance
DLVR SCH PERF COWVPL
REL _CD QUANTI TY DATE
001 0 SEE SECTI ON F
$ 1, 051, 000. 00

0003 SERVICES LINE | TEM
SECURI TY CLASS: Uncl assified
Technical Data as Set Fort in the Contract Not Separately Friced
Data Requirenments List (DD Form 1423)
hereinafter referred to as Exhibit A

(End of narrative B001)

A005 FI NAL TECHN CAL REPORT 1 EA $ ** NSP ** [$ ** NSPp **
SECURI TY CLASS: Uncl assified
Packagi ng and Mar ki ng
I nspection _and Accept ance
I NSPECTI ON:  Desti nation ACCEPTANCE: Destination
Deliveries or Performance
DCOC SUPPL
REL CD M LSTRI P ADDR SIGCD MARK FOR TP CD

001 3
DEL REL CD QUANTI TY DEL_DATE
001 1 SEE EXHI BIT A

FOB PO NT: Destination
SHI P TO. PARCEL POST ADDRESS
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ITEM NO SUPPLIES/SERVICES QUANTITY |UNIT| UNIT PRICE AMOUNT

(Y00003)

SEE NARRATI VE ON DD 1423
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SECTI ON C - DESCRI PTI OV SPECI FI CATI ONS/ WORK STATEMENT
C1 The Contractor, as an independent contractor and not as an agent of the Governnment, shall design, fabricate and do linmited
tests on the unique aspects of the original G esel concept devel oped under contract DAAEQ7-95-C X093.

C1.1 The Contractor shall fabricate a sinple, single scotch yoke test engine to be used in linted testing of several design
inprovenents. These inprovenents include a poppet exhaust valve, |oop or cross flow scavenging configurations, valve in piston design,
and exhaust val ve gui dance and actuati on systens.

C1l.2 The Contractor shall conduct limted testing to investigate the effectiveness of the inpingenment cooling concept on this
sinpl e test engine. The purpose of this testing is to validate the inpingement cooling design to increase the engine output power by
5%to 8%

C2 The Contractor shall test the G esel gas turbine conbined with a 6V53T engine to gain a better understanding of engine
scavengi ng when conbi ning a steady flow gas turbine in parallel with a 2-stroke, uniflow scavenged piston unit.

c21 The Contractor shall nake initial test runs with an instrunented engine to establish baseline data for the 6V53T engine.
The initial test run is to operate the engine fromidle, up to rated engi ne speed and power.

C22 The Contractor, upon conpletion of the baseline, shall renove the existing roots blower and turbocharger and install the
repai red Haeco gas turbine and gearbox on the 6V53T engine. The engine shall be conpounded in the same manner as the G esel -2 engine.

C23 The Contractor shall operate the 6V53T engine together with Haeco gas turbine fromidle up to rated power at 100% and 50%
fuel, and at various speeds, each to deternine engine performance and scavenging differences fromthe baseline runs.

C24 The Contractor shall nodify the 6V53T engine to incorporate inpingenment cooling conponents and single throttle control. The
Contractor shall conduct nmeasurenments to validate the design of single throttle control for total engine, and the effective power
increase fromthe inpingenent cooling.

C3 The Contractor shall conduct concept/design studies of an inward opposed piston engi ne concept with an objective of 700 HP,
including integrating the current Haeco turbine design for turbocharging.

C3.1 The Contractor shall conduct integration studies to mininmize size and to provide for desirabl e/ useful package size. The
useful power size shall neet the followi ng power density paraneters: 1.25 hp/lb, 20hp/ft3, 0.34lb/bhp-hr, 24bars of BMEP, 1.75 hp/engine
di spl acenent, 18 btu/hp-mn, and4.5bars max. turbocharger pressure ratio.

C.3.2 The foll owi ng physical engine characteristics shall be established through the concept/design effort: physical size and
wei ght, bore/stroke, conponent designs and weights, porting configurations, and accessory |ayouts. The design characteristics will be
in accordance with established paraneters of paragraph C.3.1. |In addition, the stroke/bore ratio for the two stroke cycle engi ne woul d

be in the range of 1.02 to 1.10.

C3.3 The Contractor shall perform a conprehensive, quasi-dinensional nunerical analysis using a nodified thernodynani c based
systens sinulation to nodel the various gas-exchange, conbustion, heat transfer and frictional processes occurring throughout an
inwardly opposed engine cycle. The Contractor shall include ideal peripheral conponents to nodel inlet boost and exhaust conditions to

include recovery via turbocharging and turboconpoundi ng.

C3.4 The simulation shall be used to determine the feasibility of the proposed gas cycle to neet power objective and to predict
fuel econony. In conjunction with this sinulation, the Contractor shall evaluate the influence of port timng and injection tining.
The Contractor shall evaluate prototype engine designs with optimzation of fuel econony, heat rejection, power/volunme and power/wei ght
as principle design considerations.

C 4 The Contractor shall obtain an independent technical review of the previous G esel engine work. Al pertinent technical,
historical data shall be provided fromwhich an analysis will be made to evaluate and interpret data. The Contractor shall provide
program anal ysis results to the Government.

C4.1 The independent source shall review the cycle anal yses done by Haeco, investigating assunptions and

met hodol ogy used to predict performance and fuel econony of the Gesel. A cycle sinulation code shall be used in this conparative
anal ysi s.

C 4.2 A conprehensive anal ysis of the G esel conponents shall be conducted. Conponents to be evaluated include the cylinder Kkit,

including cylinder liner, cylinder head, piston, rings and valving. Critical conponent tenperatures and |oading will be evaluated to
determine limts and suitability of designs.

C 4.3 An i ndependent source shall assist Haeco by recomrendi ng neasurenents to be taken, tests to be run, and procedures to be
followed for reducing and anal yzi ng data for Haeco 6V53T experinents described in paragraph C. 2 above.
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C4.4 RESERVED

C4.4.1 The Contractor shall develop or nodify a cycle simulation nodel to represent a conplete engine, including turbonachinery and
ot her technol ogies as appropriate fromthe G esel program This nodel shall be used to determ ne the main di nensions and operational
characteristics (bore/stroke, conpression ratio, port timng, boost level, fueling rates and tinming) of the engine.

C4.4.2 The Contractor shall use the information fromC.4.4.1 to forma basis for a conceptual 3-D design |ayout of the engine.
Conceptual design shall include all of the major engine conponents to include: engine block, crankshaft, gear train, connecting rods,
pi stons, manifolds, fuel injection, turbomachinery, sunps, punps and other ancillary conponents.

C4.4.3 The conponents shall be nodeled at a stage sufficient to estinate overall package wei ght and vol une, conponents weights and
mechani cal dynami c | oading. Dynamic |oads shall then be used to verify major dinensions for bearings, crankshaft web, connecting rods,
pi ston pins, and other conponents.

C.5 The Contractor shall performa design study to define the best overall technical turbomachinery approach for the 2-stroke
engines to be studied. The option of using a conpact two stage conpressor with radial inflow power turbine shall be one of the options
examned. In addition, a high tenperature material evaluation of turbomachi nery conponents shall be made as part of the study.

C.6 The Contractor shall build two (2) prototype engines: the first, of the opposed piston type configuration, and the second,

fromthe 6V53TA- DDEC engi ne.

C6.1 The Contractor shall design, fabricate and test the first prototype engine of the opposed piston design with an objective of
700 hp rating.

C6.2 To achi eve the engine high power density paraneters as outlined in paragraph C. 3.1, the Contractor shall incorporate into the
opposed piston prototype the latest in technology of high tenperature conponents, materials and paraneters to include the follow ng:

a. Light weight engine materials
b. Hi gh tenperature coatings and tribol ogy
c. High and | ow pressure turbines
d. High pressure, electronically controlled, fuel injection system
e. Conpressed induction air cooling.
C.6.3 The Contractor shall build a second prototype engine fromthe 6V53TA- DDEC engine. The Contractor shall renove the standard

turbocharger and the root blower fromthe 6V53TA- DDEC engi ne and install the Haeco turbine assenbly. The Contractor shall apply coating
materials to the liner and rings of the 6V53-G esel engine that withstand the high tenperature operation of the engine.

C.6.4 The Contractor, through an independent source, shall support the |aboratory testing of both prototype engines with two (2)
el ectronic Rapid Prototype Engine Control Systems (RPECS). The Contractor shall use one (1) RPECS on the 6V53-G esel engine. The
Contractor shall use the second RPECS on the opposed piston G esel engine.

C.6.5 The Contractor shall install the two (2) engine prototypes, on a test bed with a dynanoneter for performance testing. The
Contractor shall obtain performance data fromthe tests to generate power, torque, and fuel consunption versus speed curves. The
Contractor shall obtain data fromthe tests to generate a fuel map. The Contractor shall obtain nmotoring data fromthe tests for
friction analysis. The Contractor shall provide the testing data to the Government in accordance with Exhibit A Data |Item A002,
Contractor's Progress Report and Exhibit A Data Item No. A001, Final Technical Report.

C.6.6 The Contractor shall execute performance devel opment and nechanical integrity tests on the two (2) prototype engines. Based
upon these results, the Contractor shall acconplish iterative engineering for conponent redesign and fabrication. The Contractor shall
insert these conponents into the engine and optim ze their performance. The Contractor shall generate and report the test data, as in
paragraph C.6.5.

C.6.7 The Contractor shall fabricate spare part conponents for test support of the two (2) prototype engines.

C. 6.8 The Contractor shall deliver both prototype engines, as defined in paragraphs C.6.1 and C. 6.2 for the Qpposed Piston Engi ne
and paragraph 6.3 for the 6V53-G esel engine, to the Government, for further tests and eval uations.

C.6.9 The Contractor shall conduct a final linmted endurance test on each prototype engine. This test shall be 25 hours for each
engi ne at speeds and | oads agreed upon in a test plan to be approved by the Contracting Oficer's Representative (COR). (See Exhibit A
Contract Data Requirenment List (CDRL), DD Form 1423, Data Item No. A003.)

C. 6.10 The Contractor shall conplete the entire contractual effort, including the delivery of the two (2) prototype engines to
TACOM for further testing, within ** 45 nonths fromthe contract award date.

C7 Reports:
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C7.1 Scientific and Technical Report. The Contractor shall deliver a draft and final "Scientific and Technical Report" in
accordance with (I AW Exhibit A CDRL (DD Form 1423), Data |tem No. A001 **for the Basic effort. *The contractor shall deliver a "Draft
and Final Technical Report" |AWExhibit A Data Item No. A005, for the Extended Devel opnent and Test effort.

C7.2 Contractor's Progress, Status, and Managenent Report. The Contractor shall deliver a "Contractor's Progress, Status, and
Managenent Report" bi-nmonthly, |AWExhibit A CDRL (DD Form 1423), Data Item No. A002, **for the Basic effort. * The contractor shall
deliver the "Contractors Progress, Status and Managenment Report" |AWExhibit A Data Item No. A004, for the Extended Devel opnent and
Test effort.

C7.3 Test Plan. The Contractor shall deliver a "Test Plan" | AWExhibit A CDRL (DD Form 1423), Data Item No. AO003.

C7.4 Electronic Data Delivery. Al data and information delivered under this contract shall be submtted electronically, in the
Contractor's format, and in plain English. The file format and delivery method will be dependent upon the file type and size. The files
shal | be M5 W ndows95/Ms O fice 97 Professional software conpatible. Available nmethods of delivery are as follows: electronic mail, file

transfer protocol, 3.5 HD floppy disc, CD ROM lonega Zip or Jaz.

* C.7.5 I nprovenent of Fluid Coupler: The Contractor shall inprove on the design of the fluid coupler and make it capabl e of
transmtting turbine power to the piston engine crankshaft at stall, (starting torque). The turbine shall be able to start the piston
engi ne through the fluid coupler. The fluid coupler shall include a device that allows fluctuation of torque-speed between the turbine

shaft and the piston engine shaft. The contractor shall apply this fluid coupler effort to both prototype engines.

*Added by Mbd P00004
* *Changed by Mdd P00004

*** END OF NARRATIVE C 001 ***
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SECTION F - DELI VERI ES OR PERFORMANCE

F. 1 DELI VERABLES

F.1.1 HARDWARE

Al'l hardware deliverables under this contract shall be shipped FOB Destination to the follow ng address:

Commander

U. S. Arny Tank-autonotive and Armanents Conmand

ATTN. AMSTA-TR-R, M|

Warren, M 48397-5000

F.1.2 The contractor shall

ad Mekari, M5 121

ship the conpleted "G esel" engines within the timeframe specified in paragraph F.2.1 bel ow.

F.1.3 DATA: Al data itens required hereunder shall be delivered FOB destination in accordance with the Contract Data

Requi renments List (DD Form 1423)

Conmmander

to the follow ng address:

U S. Arny Tank-autonotive and Armanents Conmmand

ATTN. AMSTA-TR-R, M|

Warren, M 48397-5000

ad Mekari, M5 121

F.2 DURATI ON OF PERFORMANCE

F.2.1 The contractor shall conplete all work required under this contract by 30 Jun 2004. *

F.2.2 The contractor shall deliver a Draft Technical Report for the Basic Effort by 28 Feb 2003. ***

F.2.3.1 The CGovernnent shall review and return to the contractor the draft technical report within twenty-one (21) days from

delivery date established in F. 2.

F.2.3.2 The contractor shall
Gover nnent .
F.2.4 The contractor shall

F.1, by 30 Jun 2004. *

2.

deliver the final technical report within ten (10) days after the draft report approval by the

conplete the entire contractual effort, including delivery of any hardware as specified in Paragraph

F.3 ** Contractor's Progress, Status and Managenent Report and The Final Report Submittals for the Extended Engi nes Devel opnent and

Testing Effort as follows:

F.3.1 ** The Contractor shall
Devel oprental and Testing effort

shall deliver three (3) Contractor's Progress, Status and Managenent Reports for the Extended
to the Government, in accordance with Exhibit A Data Item No. A004, and as foll ows:

** a. The first Progress Report subnmittal is due the Government by July 31, 2003.

*x b. The second Progress Report submittal is due the Government by 30 Novenber 2003.

** c. The third Progress Report submittal is due the Governnent by 28 Feb 2004.

F.3.2 ** The contractor shall
accordance with Exhibit A Data |

deliver the Final Technical Report for the Extended Devel opment and Testing effort to the Governnent
tem No. A005, and as foll ows:

** a. The contractor shall deliver a Draft Technical Report to the Government COIR by 31 May 2004.

*x b. The CGovernnent shall review and return to the contractor the Draft Technical Report within twenty-one (21) days from

delivery date established in F. 3.

2. a.

*x c. The contractor shall deliver the final technical report to the Governnent within ten (10) days after receipt of the
Draft Report approval by the Governnent.

* Changed by Md P00004

in



Reference No. of Document Being Continued Page 11 of 12

CONTINUATION SHEET
PIIN/SIIN DAAEO7-00- C-LO51 MOD/AMD P00004

Name of Offeror or Contractor: HAECO PARTNERS, LTD.
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SECTI ON G - CONTRACT ADM NI STRATI ON DATA

LI NE PRON OBLG STAT/ | NCREASE/ DECREASE CUMULATI VE
| TEM AMS CD ACRN JOB ORD NO PRI OR AMOUNT AMOUNT AMOUNT
0002 E132C315EH AB 2 $ 0.00 $ 1, 051, 000. 00 $ 1, 051, 000. 00
63300550211 32C315
NET CHANGE $ 1, 051, 000. 00
SERVI CE NET CHANGE ACCOUNTI NG | NCREASE/ DECREASE
NAMVE BY ACRN ACCOUNTI NG CLASSI FI CATI ON STATI ON AMOUNT
Ar ny AB 21 32040000036D7675P633005255Y S20113 Wb6HZV $ 1, 051, 000. 00
NET CHANGE $ 1, 051, 000. 00
PRI OR AMOUNT | NCREASE/ DECREASE CUMULATI VE
OF AWARD AMOUNT OBLI G AMI

NET CHANGE FOR AWARD: $ 5, 309, 875. 00 $ 1, 051, 000. 00 $ 6, 360, 875. 00
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